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TOXIC  FACTORS  IN  ACID  SOUS 
of  the  Ipntheastern  United  states 
as  Related  to  the  Response  of 
Alfalfa  to  Lime^^ 


By  C.  D.  Foy,  soil  scientist,  Soil  and  Water  Conservation  Research  Division, 
(Agricultural  Research  Service^ 


The  reasons  for  poor  growth  of 
plants  on  acid  soils  are  not  well  un- 
derstood. At  a given  soil  pH  value 
the  cause  seems  to  vary  with  soil 
type  and  also  with  plant  species  or 
variety.  Possible  limiting  factors 
that  have  been  suggested  are  limited 
availabilities  of  calcium 
molybdenum  (12,  IS,  17),  and  phos- 
phorus (H),  and  toxicities  of  hy- 
drogen (6, 9, 29) , aluminum  {19, 21, 
23,  25,  29,  31),  manganese  {1,7,  22, 
26),  and  iron  {2 If). 

Acid  soils  in  the  Southeastern 
United  States  with  equal  pH  values 
differ  widely  in  their  lime  require- 
ments for  maximum  yield  of  a given 
crop.  This  investigation  attempts 
to  identify  the  factors  that  limit 


plant  growth  in  such  soils  and  to 
relate  levels  of  these  factors  to  lime 
response  of  alfalfa.  Such  a study 
should  provide  a basis  for  more  pre- 
cise liming  recommendations. 

The  work  reported  in  this  bulle- 
tin was  conducted  in  cooperation 
with  the  Arkansas  Agricultural  Ex- 
periment Station  at  Fayetteville 
during  1958  and  1959.  It  was  initi- 
ated specifically  to  provide  support 
for  field  studies  of  the  Southern 
Kegional  Lime  Project,  a coopera- 
tive undertaking  between  the  Soil 
and  Water  Conservation  Research 
Division  of  the  Agricultural  Re- 
search Service,  USD  A,  and  various 
Southeastern  State  agricultural  ex- 
periment stations. 


PROCEDURE 


The  general  procedure  was  to  de- 
termine the  lime  response  of  alfalfa 
for  17  acid  soils  collected  from  5 
Southeastern  States,  and  to  relate 
this  response  to  soil  properties  and 

^ The  author  is  indebted  to  Leslie  Hile- 
man  and  Lyell  Thompson,  Soil  Testing 
Laboratory,  Arkansas  Agricultural  Ex- 
periment Station,  for  determination  of  ex- 
changeable cations,  organic  matter,  phos- 
phorous levels,  and  lime  requirements  of 
soils ; A.  W.  Specht  and  J.  W.  Resnicky, 
U.S.  Soils  Laboratory,  Soil  and  Water 


plant  symptoms  and  composition. 
In  a separate  experiment  the  effects 
of  high  phosphorus,  peat,  sand,  and 
calcium  chloride  treatments  were 
compared  with  those  of  lime  on  four 

Conservation  Research  Division,  for  anal- 
ysis of  some  plant  samples ; and  to  E.  J. 
Koch,  Biometrical  Services,  Agricultural 
Research  Service,  for  statistical  assist- 
ance. 

^Italic  numbers  in  parentheses  refer 
to  Literature  Cited,  p.  16. 
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of  the  soils.  The  soils  studied  are 
described  in  tables  1 and  2.  Chem- 
ical characterization  of  soils  was  as 
follows : Available  phosphorus  was 
extracted  according  to  Bray  and 
Kurtz  (8)  and  measured  colori- 
metrically  by  the  molybdophos- 
phoric  acid  blue  color  method  (i5, 
p.  169).  Cation-exchange-capacity 
(CEC)  was  determined  hj  the  am- 
monium acetate  method  (iJ,  p. 
66).  Easily  oxidizable  organic 


matter  was  determined  by  the 
Walkley-Black  method  (7-5,  p.  219) . 
Exchangeable  cations  were  extract- 
ed with  IN  ammonium  acetate  at 
pH  7.0  Exchangeable  K,  Na,  and 
Ca  were  determined  by  flame  pho- 
tometer and  Mg  with  Titan  yellow 
(28).  Soil  pH  was  determined  on 
a 1 :1  soil- water  suspension.  Lime 
requirement  was  estimated  by  the 
Woodruff  method  (SO). 


Table  1. — General  description  of  soils  used  in  liming  experiments, 
Fayetteville,  Ark.,  1968-69 


Experiment  and  soil  type 

Physiographic  region  and  SCS 
problem  area  ^ 

Sample  site 

Experiments  la  and  lb: 

Calloway  silt  loam  (for- 

Atlantic  and  Gulf  Coastal  Plain 

Wynne,  Ark. 

merly  Olivier). 

Dundee  siltv  clay  loam__ 

(Loess  Hills  and  Terraces). 
Atlantic  and  Gulf  Coastal  Plain 

Earle,  Ark. 

Loring  silt  loam  1 

(Southern  Alluvial  Plains). 
Atlantic  and  Gulf  Coastal  Plain 

Colt,  Ark. 

Loring  silt  loam  2 (for- 

(Loess Hills  and  Terraces), 
do  _ _ 

Marianna,  Ark. 

merly  Richland). 

Zanesville  silt  loam 

Appalachian-Ozark  Highlands 

Fayetteville,  Ark. 

(formerly  Centerton). 

(Northern  Ozarks). 

Experiment  2: 

Cecil  sandy  loam_  _ 

Appalachian-Ozark  Highlands 

Watkinsville,  Ga. 

Johnsburg  silt  loam 

(Piedmont  Plateau). 
Appalachian-Ozark  Highlands 

Fayetteville,  Ark. 

Lakeland  loamy  sand 

(Northern  Ozarks). 

Atlantic  and  Gulf  Coastal  Plain 

Live  Oak,  Fla. 

Taloka-Parsons- Johns- 

(Middle and  Upper  Coastal 
Plain) . 

Appalachian-Ozark-  Highlands 

Fayetteville,  Ark. 

burg  silt  loam  (for- 

(Northern Ozarks). 

merly  Cherokee). 

Waynesboro  sandy  loam 

do_  _ - 

Do. 

(formerly  Hanceville) . 
Experiment  3: 

Bayboro  clay  loam 

Atlantic  and  Gulf  Coastal  Plain 

Fleming,  Ga. 

Bladen  clay  loam_ 

(Flatwoods  of  Coastal  Plain), 
do  - _ 

Do. 

Leon  fine  sand 

do 

Do. 

Vaiden  clay  loam 

Atlantic  and  Gulf  Coastal  Plain 

Brooksville,  Miss. 

(Blacklands  of  Coastal  Plain). 

Experiment  4- 

Belle  Mina,  Ala. 

Decatur  clay  loam 

Appalachian-Ozark  Highlands 

Rains  sandy  loam 

(Appalachian  Valleys  and 
Ridges). 

Atlantic  and  Gulf  Coastal  Plain 

Tifton,  Ga. 

Tifton  sandy  loam 

(Middle  and  Upper  Coastal 
Plain) . 
do 

Do. 

1 Problem  Areas  in  Soil  Conservation,  USD  A,  Soil  Conservation  Service  Map, 
Beltsville,  Md.,  July  1950. 
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Table  2. — Chemical  characteristics  of  soils  before  treatment  at  Fayette- 
ville^ Arh. 


Experiment  and  soil 


Experiment  la: 
Calloway  - - _ _ _ _ 

Dundee 

Loring  1 

Loring  2 

Zanesville 

Experiment  lb: 

Dundee.  

Loring  1 

Loring  2 

Zanesville 

Experiment  2: 

Cecil 

Johnsburg 

Lakeland 

Taloka-Parsons- 

Johnsburg 

Waynesboro 

Experiment  3: 

Bay  boro 

Bladen- 

Leon 

Vaiden 

Experiment  4: 

Decatur 

Rains 

Tifton 


pH 

Lime 

require- 

Cation 

exchange 

capacity 

Exchangeable  cations 

Avail- 

Organic 

matter 

value 

ment  i 

Ca 

Mg 

K 

able  P 

Tonsjacre 

Meq.j 
100  g. 

Lb.lacre 

Lb.lacre 

Lb.lacre 

Lb.lacre 

Percent 

5.  4 

] 

7.  6 

1,  100 

225 

220 

113 

0.  6 

4.  8 

2 

19.  7 

2,  500 

250 

460 

140 

1.  0 

5.  3 

2 

12.  9 

1,  600 

250 

240 

87 

. 3 

5.  1 

1 

5.  0 

700 

100 

280 

140 

. 7 

4.  9 

1.  5 

5.  5 

900 

75 

100 

44 

1.  0 

5.  0 

20.  2 

2,  400 

250 

240 

105 

1.  2 

5.  3 

7.  0 

1,  400 

250 

160 

70 

. 6 

5.  3 

4.  9 

600 

175 

160 

26 

. 5 

5.  0 

6.  9 

1,  100 

75 

100 

26 

1.  6 

5.  2 

1.  5 

5.  3 

500 

100 

100 

79 

1.  5 

5.  1 

1.  5 

7.  6 

1,  100 

100 

150 

17 

].  6 

5.  1 

1.  5 

3.  8 

1,  000 

50 

60 

157 

1.  6 

5.  2 

1.  5 

7.  3 

1,  200 

100 

40 

13 

1.  3 

5.  2 

1.  5 

6.  3 

700 

50 

100 

13 

1.  3 

5.  0 

4.  0 

30.  1 

1,  100 

250 

290 

17 

4.  0 

4.  8 

3.  5 

11.  6 

600 

225 

40 

13 

2.  5 

4.  2 

3.  0 

4.  9 

300 

50 

40 

13 

2.  3 

5.  8 

1.  5 

32.  6 

6,  400 

250 

280 

13 

4.  0 

5.  5 

1.  5 

11.  7 

1,  900 

150 

250 

70 

1.  6 

4.  7 

1.  5 

3.  4 

300 

75 

no 

13 

1.  5 

5.  6 

1.  0 

4.  0 

500 

75 

210 

113 

1.  6 

^ Woodruff  method. 


Due  to  limitation  of  greenhouse 
space,  the  soils  were  studied  in 
groups  as  indicated  in  table  2.  Five 
experiments  were  conducted  in  the 
greenhouse.  Treatments  in  experi- 
ments la,  2,  3,  and  4 were  combina- 
tions of  lime  rates  with  either  two 
or  three  replications  in  randomized 
blocks.  Fertilization  levels  used  in 
these  experiments  were  intended  to 
be  adequate  to  remove  obvious  de- 
ficiencies of  the  major  elements  and 
to  adjust  different  soils  to  somewhat 
comparable  soil  test  levels,  but  not 
sufficient  to  mask  the  normal  lime 
response.  All  soils  received  25 
pounds  of  N and  4.54  pounds  of  B 
per  acre.  In  experiments  2,  3,  and  4 
each  soil  received  30  pounds  of  Mg 
per  acre.  Potassium  was  applied  at 
249  pounds  of  K per  acre  on  all  soils 
except  Tifton  and  Decatur,  which 


received  166  pounds.  Phosphorus 
fertilization  rate  varied  with  differ- 
ent soils,  depending  upon  the  initial 
soil  test  value.  Kates  used  were  44 
pounds  of  P per  acre  on  Tifton  and 
Lakeland  soils,  65  pounds  on  De- 
catur and  Cecil,  98  pounds  on  Lor- 
ing 1,  Loring  2,  and  Calloway,  132 
pounds  on  Waynesboro,  Bladen, 
Leon,  Bayboro,  Vaiden,  and  Kains, 
153  pounds  on  Johnsburg  and  on 
Taloka  complex,  196  pounds  on 
Dundee,  and  295  pounds  on  Zanes- 
ville. 

The  lime  used  was  reagent  grade 
calcium  carbonate.  Phosphorus 
was  supplied  as  monocalcium  phos- 
phate, potassium  as  potassium 
chloride,  nitrogen  as  urea,  magne- 
sium as  magnesium  sulfate,  and 
boron  as  boric  acid.  Fertilizers  and 
lime  were  mixed  with  the  entire  soil 
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and  allowed  to  incubate  at  approxi- 
mately field  moisture  condition  for 
1 month  before  planting.  Alfalfa 
(var.  Buffalo)  was  planted  in  No. 
10  cans  lined  with  polyethylene 
bags,  each  containing  7 pounds  of 
soil.  Stands  were  thinned  to  15 
plants  per  can,  and  either  two  or 
three  harvests  were  made  at  the 
early  bloom  stage. 

At  the  end  of  the  experiments 
aluminum  was  extracted  from  air- 
dry  soils  with  NH4OAC  at  pH  4.8 
according  to  McLean  and  others 
(20)  and  with  1 N KCl  at  pH  7.0. 
Exchangeable  manganese  was  ex- 
tracted from  air-dry  soils  with  1 N 
NH4OAC  at  pH  7.0  and  determined 
by  the  periodate  method  (ir5,  p. 
39S).  Samples  from  plant  tops  for 
experiments  2,  3,  and  4 were  ana- 
lyzed spectrographically.  Plant 
samples  from  experiment  la  were 
not  analyzed. 

Experiment  lb  involved  different 
batches  of  four  of  the  same  soils 
used  in  experiment  la.  It  was  de- 
signed to  compare  the  effects  of  high 
phosphate,  peat,  sand,  and  calcium 
chloride  with  those  of  lime.  Such 
materials  have  been  reported  to  re- 
duce the  toxicities  of  some  acid  soils 
(.^,  4,  5,  10^  26).  Effects  of  these 

RESULTS  AND 

Yield  Response  of  Alfalfa  to 
Lime 

Detailed  results  of  the  five  experi- 
ments, including  yields  and  soil  and 
plant  characteristics,  are  presented 
in  the  appendix,  tables  5 to  12.  Al- 
falfa yield  responses  to  lime  appli- 
cations for  selected  soils  are  shown 
graphically  in  figures  1 to  4.  In 
order  to  provide  a basis  for  compar- 
ing lime  response  between  soils,  al- 
falfa yield  for  each  soil  is  expressed 
as  a percentage  of  the  maximum 
yield  attained  with  lime  for  that 
particular  soil.  Also,  yields  are 
plotted  against  soil  pH,  rather  than 


materials  on  plant  yields,  symp- 
toms, and  composition  could  furnish 
clues  concerning  specific  causes  of 
toxicity  in  acid  soils.  All  pots  in 
the  experiment,  including  the  check, 
received  a basal  fertilizer  treatment 
of  25  pounds  N,  87  pounds  P,  249 
pounds  K,  30  pounds  Mg,  and  4.54 
pounds  of  B per  acre.  The  experi- 
mental treatments  used  in  combina- 
tion with  the  basal  treatment  in- 
cluded a no-treatment  check,  4 tons 
of  CaCOs  per  acre,  873  pounds  of 
P per  acre,  5 percent  peat  by  weight 
(pH  5.5),  50  percent  sand  by 
weight,  and  CaCh  at  one-fourth  the 
calcium  equivalent  of  the  CaCOs 
treatment. 

The  entire  tops  of  plants  from 
experiment  lb  were  ground,  and 
samples  were  wet-digested  in  a mix- 
ture of  perchloric,  nitric,  and  sul- 
furic acid  (15,  p.  333) . Manganese 
was  determined  by  periodate  (75, 
102)  and  aluminum  by  “aluminon” 
{11).  Iron  was  determined  by  or- 
thophenanthroline  (75,  389)  and 

phosphorus  by  the  1,  2, 4-aminonap- 
thol-sulfonic  acid-reduced  molyb- 
dophosphoric  blue  color  method 
(75,  p.  llfS).  Potassium,  magnesi- 
um, and  calcium  were  determined 
with  a flame  photometer. 

DISCUSSION 

amounts  of  CaCOs  applied.  The 
actual  lime  rates  used  are  shown  for 
each  experiment  in  the  appendix 
tables. 

All  soils  listed  in  figures  1,  2,  3, 
and  4 show  significant  alfalfa  yield 
increases  with  liming,  but  the 
shapes  of  the  response  curves  are 
widely  different.  The  response  of 
alfalfa  to  lime  on  Zanesville  was 
small,  considering  the  low  pH  value 
of  this  soil  (4.6)  when  unlimed 
(fig.  1).  Taloka  complex  gave  a 
similar  type  of  response  (appendix 
table  7) . Both  soils  produced  75  to 
80  percent  of  maximum  yield  for 
alfalfa  without  the  addition  of  lime. 


Percent  of  maximum  yield  ^ Percent  of  maximum  yield 

1 ' 
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lURE  1 


. — Experiment  1 : Alfalfa  yield  as  affected  by  soil  pH  changes  induced  by 

liming. 


Figure  2. — Experiment  2:  Alfalfa  yield  as  affected  by  soil  pH  changes  induced  by 

liming. 
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Figure  3. — Experiment  3 : Alfalfa  yield  as  affected  by  soil  pH  changes  induced  by 

liming. 


Figure  4. — Experiment  4 : Alfalfa  yield  as  affected  by  soil  pH  changes  induced  by 

liming. 
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and  near-maximum  yields  when 
limed  to  pH  5.0  to  5.5.  Johnsburg 
showed  a somewhat  similar  type  of 
response  cuiwe,  but  this  soil  type  ap- 
peared to  be  more  toxic  to  alfalfa 
than  Zanesville  and  Taloka  com- 
plex at  the  same  pH  level.  Johns- 
burg and  Taloka  complex  showed 
a tendency  toward  decreased  yields 
when  limed  to  a pH  above  5.5.  Lov- 
ing 1 and  Loring  2 soils,  repre- 
sented by  Loring  1 in  figure  1,  were 
extremely  toxic  to  alfalfa  at  pH 
values  below  6.0,  but  both  soils  gave 
near-maximum  yields  at  pH  6.5  to 
7.0  and  showed  no  tendency  toward 
yield  depression  with  further  lim- 
ing. Unlimed  Dundee  soil  was  less 
toxic  than  unlimed  Loring  1 or 
Loring  2 at  pH  values  below  5.0  but 
produced  maximum  yields  when 
limed  to  pH  7.5  (appendix  table  5). 
The  lime  response  of  alfalfa  on 
Calloway  was  similar  to  that  on 
Zanesville. 

Alfalfa  yields  on  Waynesboro  soil 
reached  a maximum  at  about  pH 
5.5  and  tended  to  decline  as  the  pH 
was  increased  to  7.0  (fig.  2) . Yields 
on  Lakeland  reached  a maximum  at 
pH  6.0  to  6.5  and  tended  to  decline 
with  further  liming.  Yields  on 
Cecil  soil  were  increased  almost 
linearly  with  pH  increases  to  7.0. 
This  soil  was  extremely  toxic,  giv- 
ing only  7 percent  of  maximum 
yield  when  unlimed  at  pH  4.6. 
Plants  died  by  the  time  of  the  first 
harvest.  Leon  soil  also  gave  a near 
linear  alfalfa  yield  response  to  pH 
changes  from  4.0  to  7.4  (fig.  3),  but 
was  somewhat  less  toxic  than  Cecil. 

Figure  3 shows  that  Bladen  was 
the  most  toxic  soil  in  the  entire 
group,  giving  practically  no  alfalfa 
growth  when  unlimed  (seedlings 
died  before  reaching  a height  of  1 
inch).  Yields  on  Bladen  were  in- 
creased sharply  by  liming  to  a pH 
of  5.0  to  5.5,  but  tended  to  decrease 
with  liming  to  pH  7.0.  Yields  on 
Rains  soil  were  reduced  even  more 
sharply  by  liming  above  pH  5.5 


(fig.  4) . Yields  on  Tifton  soil  were 
increased  by  liming  to  pH  7.0  but 
tended  to  decrease  with  higher  pH 
values. 

Bayboro,  Vaiden,  and  Decatur 
soils  did  not  give  significant  yield 
responses  to  lime;  however,  yields 
on  Decatur  did  show  a consistent 
upward  trend  (appendix  tables  9 
and  11). 

Comparative  effects  of  lime,  high 
phosphate,  peat,  sand,  and  CaCL  on 
alfalfa  yields  with  Zanesville,  Lor- 
ing 2,  Loring  1,  and  Dundee  soils 
are  shown  in  appendix  table  6. 
Liming  all  four  of  these  soils  to  pH 
7.0,  and  above,  significantly  in- 
creased yields.  The  addition  of  873 
pounds  of  P per  acre  as  monocal- 
cium phosphate  significantly  in- 
creased yields  on  Zanesville,  Loring 

1,  and  Dundee  soils,  and  the  increase 
for  Loring  2 was  almost  significant 
at  the  5 -percent  level.  At  the  first 
cutting  this  treatment  produced 
higher  yields  than  lime  on  all  soils. 
The  addition  of  5 percent  of  peat 
by  w^eight  significantly  increased 
yields  on  Loring  1 and  Dundee  soils, 
and  the  increase  on  Zanesville  close- 
ly approached  significance.  Yields 
on  Loring  2 soil  were  not  affected 
by  the  peat  treatment ; however,  on 
Loring  1 and  Dundee  soils  peat  was 
as  effective  as  lime  in  increasing 
yields  for  three  cuttings. 

Dilution  of  acid  soils  by  50  per- 
cent with  sand  significantly  in- 
creased alfalfa  yields  on  Zanesville 
but  not  on  the  other  three  soils. 
The  calcium  chloride  treatment 
greatly  reduced  yields  on  all  soils. 
Yields  on  tlie  unlimed  soils  varied 
widely,  with  Zanesville  yielding 
only  one-fourth  as  much  as  Loring 

2,  Loring  1,  and  Dundee.  The 
sample  of  Zanesville  soil  used  in 
this  experiment  gave  a much  larger 
yield  response  to  lime  than  did  the 
sample  used  in  experiment  la. 
This  difference  will  be  discussed 
under  manganese  toxicity. 
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Growth-Limiting  Factors  in 
Acid  Soils 

Manganese  Toxicity 

Alfalfa  plants  on  nnlimed 
Waynesboro,  Cecil,  Jolinsburg, 
Loring  1,  Zanesville,  Dundee,  Tal- 
oka  complex,  Loring  2,  and  Cal- 
loway soils  showed,  in  varying 
degree,  the  symptoms  illustrated 
in  figure  5 for  the  Dundeei  soil. 
Symptoms  started  as  a faint  yellow- 
ing at  leaf  tips  and  around  the 
margins,  ^and  gradually  progressed 
inward  toward  the  naidrib.  These 
were  identical  to  the  symptoms  pro- 
duced by  excess  manganese  in  sand 
culture  studies  conducted  by  the 
author,  and  similar  to  the  symp- 
toms that  Schmehl  and  coworkers 
(26)  obtained  with  alfalfa  on  acid 
Mardin  silt  loam  and  described  as 
manganese  toxicity. 

The  effects  of  lime  on  soil  proper- 
ties, plant  yield,  and  plant  composi- 
tion on  five  soils  representing  this 
group  are  given  in  table  3.  The  most 
toxic  soils  are  those  containing  the 
highest  levels  of  exchangeable  man- 
ganese. For  example,  the  highly 
toxic  Waynesboro  and  Cecil  soils 


contained  138  and  99  parts  per  mil- 
lion exchangeable  manganese,  re- 
spectively, whereas  the  mildly  toxic 
Zanesville  contained  only  48  parts 
per  million  at  about  the  same  pH. 
For  this  group  of  soils,  lime  re- 
sponse and  decrease  in  plant  symp- 
toms were  closely  related  to  de- 
creases in  exchangeable  manganese 
in  soils  and  decreases  in  manganese 
contents  of  plants. 

Lime  responses  on  this  group  of 
soils  were  also  accompanied  by  de- 
creases in  extractable  aluminum ; 
however,  other  evidence  indicates 
that  aluminum  toxicity  was  not  a 
factor  in  these  soils.  First,  plant 
symptoms  were  entirely  different 
from  those  of  aluminum  injury. 
Second,  both  plant  symptoms  and 
composition  indicated  that  excess 
manganese  was  the  primary  toxic 
factor  involved.  Furthermore,  wide 
yield  differences  between  the  un- 
limed soils  are  not  explained  by  dif- 
ferences in  extractable  aluminum. 
For  example,  Cecil,  the  most  toxic 
soil  in  the  group,  contained  less  ex- 
tractable aluminum  (in  milliequiv- 
alents  or  percentage  saturation) 
than  Johnsburg  or  Zanesville,  which 
yielded  seven  to  eight  times  as  much 
alfalfa  as  Cecil  on  unlimed  soils. 


Figuke  5. — Effects  of  lime  on  manganese  toxicity  in  alfalfa  on-  Dundee  silty  clay  loam : 
Left — no  lime,  pH  4.7 ; right — lime,  pH  7.5. 
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Table  3. — Response  of  alfalfa  to  liming  on  Waynesboro^  Cecily  Johnsburg^ 
Loving  i,  and  Zanesville  soils  as  related  to  soil  and  flant  composition^ 
experiments  la  and  Fayetteville^  Arh. 


Experiment  and  soil 


Experiment  2: 
Waynesboro. 

Cecil 

Johnsburg 

Experiment  la; 
Loring  1 

Zanesville 


CaCOs 

Soil 

pH 

Al- 

falfa 

yield 

Soil  properties 

Plant  composition 

Extracta 

NH4OAC 
pH  4.8 

,ble  A1 

KCl 

pH 

7.0 

Ex- 

change- 

able 

Mn 

Mn 

A1 

Fe 

Ca 

p 

Tons! 

G./ 

Meq.l 

Meq.l 

acre 

pot 

100  g. 

100  q. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

Pet. 

Pet. 

f 0 

4.  5 

1.  40 

2.  11 

0.  40 

138 

1,  970 

150 

160 

1.  2 

0.  20 

I 1 

5.  4 

9.  23 

. 97 

. 01 

49 

240 

190 

98 

1.  7 

. 24 

1 2 

6.  3 

8.  62 

. 85 

. 01 

37 

170 

200 

72 

2.  0 

. 24 

L 3 

7.  1 

7.  80 

. 74 

. 02 

24 

150 

190 

37 

2.  0 

. 22 

f 0 

4.  6 

. 74 

1.  37 

. 13 

99 

1,  430 

240 

170 

2.  6 

. 30 

I 1 

6.  0 

8.  04 

. 89 

. 01 

50 

320 

190 

250 

1.  8 

. 26 

2 

6.  7 

7.  96 

. 90 

. 02 

32 

190 

160 

200 

1.  8 

. 24 

1 3 

7.  0 

9.  58 

1.  03 

. 00 

28 

220 

240 

300 

1.  9 

. 24 

\ ^ 

4.  4 

5.  28 

1.  75 

. 55 

80 

1,  660 

230 

320 

1.  3 

. 22 

1 

5.  0 

8.  56 

1.  11 

. 05 

38 

460 

180 

260 

1.  6 

. 22 

5.  8 

7.  59 

. 90 

. 01 

31 

240 

190 

250 

1.  9 

. 22 

i 3 

6.  6 

7.  44 

. 73 

. 01 

24 

160 

200 

250 

2.  3 

. 28 

r 0 

4.  9 

3.  38 

1.  74 

59 

• 5 

5.  3 

5.  26 

1.  53 

18 

1 I.  0 

5.  8 

8.  41 

1.  44 

15 

[ 3.  0 

7.  5 

10.45 

1.  26 

5 

f 0 

4.  6 

8.  04 

1.  29 

48 

• 5 

5.  2 

9.  73 

. 87 

26 

) 1.  0 

5.  7 

9.  36 

. 76 

12 

[ 3.  0 

7.  3 

9.  91 

. 61 

— 

8 

Kesults  of  experiment  lb  (ap- 
pendix table  6)  provide  additional 
support  for  the  hypothesis  of  man- 
ganese toxicity  in  Zanesville,  Lor- 
ing 2,  Loring  1,  and  Dundee  soils. 
Plants  on  all  unlimed  soils  showed 
characteristic  manganese  toxicity 
symptoms ; however,  these  were 
much  more  severe  on  Zanesville  than 
on  other  soils.  Yields  on  the  un- 
limed soils  varied  widely,  with 
Zanesville  producing  only  about 
one-fourth  as  much  as  Loring  2, 
Loring  1,  and  Dundee.  Such  yield 
differences  cannot  be  explained  by 
differences  in  exchangeable  calcium 
or  extractable  aluminum.  The 
most  obvious  difference  between 
Zanesville  and  the  other  three  soils 
was  that  Zanesville  contained  a 
higher  level  of  exchangeable  man- 
ganese and  produced  alfalfa  plants 
having  higher  concentrations  of 


manganese  in  their  tops. 

Yield  response  to  lime  was  ac- 
companied by  large  reductions  in 
exchangeable  manganese  in  soils, 
complete  correction  of  toxic  plant 
symptoms,  and  marked  decreases  in 
manganese  contents  of  plants. 
Yield  increases  obtained  with  the 
peat  treatment  were  also  associated 
with  correction  of  toxic  symptoms 
and  large  decreases  in  manganese 
uptake  by  plants ; however,  this 
treatment  did  not  reduce  levels  of 
exchangeable  manganese  except  on 
Dundee  soil.  Apparently,  the  peat 
treatment  reduced  the  availability 
of  exchangeable  manganese  to 
plants. 

The  high  phosphate  treatment  in- 
creased yields  and  percentages  of 
phosphorus  in  plants  and  decreased 
manganese  uptake  but  did  not  com- 
pletely correct  the  toxic  leaf  symp- 
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toms.  Plants  on  this  treatment 
Avere  slender  and  pale  in  color  when 
compared  with  those  grown  on 
limed  soils.  The  yield  increases  ob- 
tained with  this  treatment,  espe- 
cially on  Zanesville  soil,  appeared 
large  in  proportion  to  the  decreases 
in  manganese  contents  of  plants. 
This  suggests  that  high  phos- 
phorus levels  in  soils  and  plants 
provide  some  protection  against 
manganese  injury  and  is  in  accord- 
ance with  the  work  of  Bortner  (7), 
who  reported  that  phosphate  treat- 
ments greatly  reduced  manganese 
toxicity  in  tobacco.  Phosphate 
fertilization  would  also  be  expected 
to  reduce  aluminum  toxicity,  if 
present  {10)^  but  the  evidence  indi- 
cates that  excess  aluminum  is  not 
the  primary  problem  in  these  acid 
soils. 

The  yield  increase  obtained  with 
sand  on  Zanesville  soil  is  attributed 
to  dilution  of  manganese  in  the  soil 
and  in  plants. 

Severe  yield  /decreases  obtained 
with  the  CaCb  treatment  were  as- 
sociated with  increased  toxicity 
symptoms  and  manganese  uptake 
by  plants  and  with  great  increases 
in  exchangeable  manganese  in  soils. 

Yield  increases  obtained  with 
lime,  phosphate,  peat,  and  sand 
were  generally  associated  with  de- 
creases in  extractable  aluminum  in 
soils,  but  such  decreases  do  not  ade- 


quately explain  observed  differences 
in  yields  between  unlimed  soils  or 
differences  in  lime  response.  For 
example,  Dundee  soil  contained  a 
higher  level  of  KCl  extractable 
aluminum  than  Zanesville,  but 
yielded  three  times  as  much  alfalfa 
when  both  were  unlimed.  Yields 
on  the  four  soils  were  not  closely 
related  to  concentrations  of  Ca,  P, 
Fe,  or  A1  in  plants.  When  all  soils 
and  all  treatments  are  considered, 
the  factors  most  closely  related  to 
alfalfa  yield  were  exchangeable 
manganese  in  soils  and  manganese 
contents  of  plants. 

Two  samples  of  Zanesville  soil, 
taken  from  points  that  were  only  10 
feet  apart  in  the  field,  differed 
markedly  in  toxicity  to  alfalfa  and 
response  to  lime  when  studied  in 
separate  experiments  (table  4). 
Differences  in  exchangeable  calcium 
and  aluminum  do  not  explain  the 
results.  Table  4 shows  that  the  soil 
in  experiment  lb,  which  showed  the 
greatest  toxicity  and  lime  response, 
contained  50  percent  more  ex- 
changeable manganese,  and  that  it 
was  adjusted  to  a lower  phosphate 
level.  Although  plants  from  ex- 
periment la  were  not  analyzed, 
those  from  experiment  lb  (appen- 
dix table  6)  contained  a very  high 
concentration  of  manganese  (1,835 
p.p.m).  The  higher  phosphate 
level  in  the  soil  of  experiment  la 


Table  4. — Characteristics  of  tioo  samples  of  Zanesville  soil  from  the  same 
site  that  gave  widely  different  lime  responses  in  experiments  la  and 
11) ^ Fayetteville^  Ark. 


Experiment 

Alfalfa 

yield 

pH 

value 

Soil  characteristics 

Cation- 

exchanse- 

capacity 

Exchange- 

able 

Ca 

Extract- 

able 

A1 1 

Exchange- 

able 

Mn 

Available 

phos- 

phorus 

Experiment  la: 

No  lime 

G.lpot 

8.  04 
10.  70 

1.  19 

6.  80 

4.  6 

7.  6 

4.  5 

7.  5 

Meq.l 
100  g. 

5.  5 

Meq.l 
100  g. 

2.  40 

Meq.l 
100  g. 

1.  29 
. 63 

1.  36 
. 59 

P.p.m. 

48 

8 

72 

11 

Lb.  PI 
acre 

175 

Lime 

Experiment  lb: 

No  lime 

Lime 

6.  9 

t 

2.  56 

86 

^ Extracted  with  NH4OAC  at  pH  4.8. 
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may  have  masked  the  normal  lime 
response  by  reducing  the  level  of 
exchangeable  manganese  in  the  soil 
or  by  reducing  the  toxicity  of  the 
manganese  that  Avas  actually  ab- 
sorbed by  plants.  Results  listed  in 
appendix  table  6 show  that  for  the 
Zanesville  soil  yield  increases  ob- 
tained by  phosphate  fertilization 
are  large  in  comparison  with  the  de- 
creases in  manganese  contents  of 
plants.  This  suggests  that  phos- 
phorus may  detoxify  manganese 
within  the  plant. 

Manganese  toxicity  is  believed  to 
be  the  primary  growth-limiting  fac- 
tor on  acid  Waynesboro,  Cecil, 
Johnsburg,  Loring  1,  Zanesville, 
Dundee,  Taloka  complex,  Loring  2, 
and  Calloway  soils.  Two  other 
soils,  Vaiden  (pH  5.7)  and  Decatur 
(pH  5.5),  contained  extremely  high 
levels  of  exchangeable  manganese 
(128  to  136  p.p.m.)  (appendix 
tables  9 and  11) , but  alfalfa  showed 
essentially  no  reponse  to  lime  on 
Vaiden  and  very  little  on  Decatur. 
Plants  on  these  soils  did  not  accu- 
mulate high  concentrations  of  man- 
ganese nor  show  any  of  the  charac- 
teristic symptoms  of  manganense 
toxicity  (appendix  tables  10  and 
12) . Results  of  plant  and  soil  anal- 
ysis indicate  that  higher  levels  of 
calcium  in  these  soils  may  have  pre- 
vented excessive  uptake  of  man- 
ganese by  plants. 

Aluminum  T oxicity 

In  experiment  3,  unlimed  Bladen 
soil  was  extremely  toxic  to  alfalfa. 
Plants  died  before  reaching  a 
height  of  1 inch.  Plant  symptoms 
preceding  death  were  identical  to 
those  of  extreme  phosphorus  defici- 
ency and  to  those  produced  by  ex- 
cess aluminum  in  sand  culture 
studies  by  the  author.  Leaves  were 
small  and  abnormally  dark  green 
with  a purple  tinge.  These  symp- 
toms are  entirely  different  from 
those  of  manganese  toxicity  de- 
scribed in  the  preceding  section. 
Leaves  died  and  dropped  off  one  at 

711-078  0—64 


a time,  starting  at  the  bottom.  Top 
leaves  stayed  purplish  green  almost 
until  death.  Exchangeable  man- 
ganese was  so  low  (2  p.p.m.)  as  to 
rule  out  the  possibility  of  manga- 
nese toxicity  in  this  soil. 

Figure  6 shows  that  yield  increas- 
es obtained  with  lime  on  the  Bladen 
soil  are  associated  with  decreases  in 
KCl  (pH  7.0) -extractable  alumi- 
num below  0.5  meq,/100  g.  of  soil. 
A similar  relationship  was  found 
between  lime  response  and  decrease 
in  NH4OAC  (pH  4.8) -extractable 
aluminum  below  3 meq./lOO  g.  Over 
the  same  range  of  aluminum  con- 
centration, yields  on  the  Bayboro 
soil  were  essentially  unaffected  by 
liming. 

Alfalfa  yields  on  unlimed  Bay- 
boro were  much  greater  than  those 
on  unlimed  Bladen  at  comparable 
pH  and  extractable  aluminum  lev- 
els. The  reasons  for  this  are  not 
known  at  present,  but  the  following 
explanations  seem  reasonable. 
First,  when  extractable  aluminum 
is  expressed  as  a percentage  of  the 
soil  exchange  capacity,  the  value 
for  Bladen  is  more  than  double  that 
for  Bayboro  (appendix  table  9). 
Thus,  in  the  Bladen  soil  a higher 
proportion  of  the  aluminum  may 
have  been  available  to  plant  roots. 
Second,  since  Bayboro  is  higher  in 
organic  matter,  the  toxicity  of 
aluminum  may  have  been  reduced 
through  chelation  in  the  soil.  Al- 
though the  exact  mechanism  of  alu- 
minum toxicity  is  not  known,  the 
injury  has  been  associated  with  re- 
duced uptake  of  phosphorus  {32) 
and  calcium  {27)  by  plants.  Bay- 
boro soil  may  be  less  toxic  than 
Bladen,  because  it  contains  higher 
concentrations  of  effective  alumi- 
num-chelating materials  such  as  or- 
ganic acids  (7^),  which  would  be 
expected  to  reduce  the  precipitation 
of  phosphorus  by  aluminum  out- 
side and  inside  the  plant  and  to 
reduce  the  competition  between 
calcium  and  aluminum  for  absorp- 
tion by  plant  roots. 
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Extractable  Al  (meq./lOO/g.  soil) 


Figure  6. — Relationship  between  alfalfa  yield  and  level  of  KCl  (pH  7.0) -extractable 
aluminum  on  Bladen  and  Bayboro  soils  : Experiment  3. 


Bay  boro  soil  contained  twice  as 
much  calcium  as  Bladen  on  an  ab- 
solute basis,  but  the  two  soils  were 
about  equal  in  percentage  of  calcium 
saturation.  At  the  one-ton  lime  rate 
plants  on  Bayboro  contained  higher 
concentration  of  calcium,  magne- 
sium, manganese,  aluminum,  sodi- 
um, and  copper,  but  less  phosphorus 
than  those  on  Bladen  (appendix 
table  10). 

Lime  response  on  Bladen  soil  was 
associated  with  increased  calcium 
uptake,  but  it  is  doubtful  that  cal- 
cium deficiency,  as  such,  limited 
yields  on  this  acid  soil.  When  yields 
were  increased  with  lime,  the  phos- 
phorus and  aluminum  contents  of 
plants  were  increased  slightly, 
whereas  magnesium  contents  were 
decreased. 

The  evidence  indicates  that  alu- 
minum toxicity  is  the  primary 
growth-limiting  factor  in  acid 
Bladen  soil;  however,  gross  plant 
analysis  did  not  permit  clarification 
of  the  nature  of  aluminum  injury  in 
plants. 


Calcium  Deficiency 

Absolute  calcium  deficiency  ap- 
pears to  be  the  first  growth-limiting 
factor  in  acid  Leon  soil.  Plants  on 
the  unlimed  soil  showed  general 
chlorosis  and  stunting  and  died  be- 
fore the  first  harvest.  Yield  in- 
creases obtained  by  liming  were 
closely  correlated  with  increases  in 
the  percentage  of  calcium  in  plant 
tops  (fig.  7).  This  relationship 
apparently  does  not  hold  for  the 
Bladen  soil,  although  the  calcium 
percentage  in  plants  was  increased 
by  the  first  increment  of  lime. 
Lime  response  on  Leon  soil  was  ac- 
companied by  decreases  in  KCl- 
extractable  aliuninum  in  the  soil 
and  in  aluminum  contents  of  plants, 
but  it  appears  doubtful  that  alumi- 
num is  high  enough  to  be  toxic  in 
this  soil  (appendix  tables  9 and  10). 
Yield  increases  obtained  with  lime 
were  also  associated  with  decreases 
in  the  phosphorus,  magnesium, 
boron,  manganese,  and  iron  concen- 
trations of  plants.  Manganese  con- 
centrations of  plants  were  certainly 
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Figure  7. — Relationship  between  alfalfa  yield  and  percentage  calcium  in  plant  tops  on 
Bladen  and  Leon  soils : Experiment  3. 


too  low  to  be  toxic,  but  boron  con- 
centrations were  quite  high  and  may 
be  approaching  the  toxic  level. 

Combinations  of  Growth-Limiting 
Factors 

The  evidence  obtained  does  not 
permit  positive  identification  of  the 
toxic  factors  on  acid  Lakeland,  Tif- 
ton,  and  Rains  soils.  Combinations 
of  various  factors  appear  to  be  in- 
volved. Alfalfa  plants  on  unlimed 
Lakeland  soil  appeared  to  be  cal- 
cium deficient.  Chlorosis  was  gen- 
erally distributed  over  the  leaves, 
instead  of  being  confined  largely 
to  leaf  margins,  as  in  manganese 
toxicity.  Soil  and  plant  analyses 
also  suggested  that  calcium  defi- 
ciency was  at  least  partially  limit- 
ing growth  (appendix  tables  7 and 
8 ) ; however,  there  is  the  possibility 
that  the  aluminum  level  in  this 
sandy  soil  was  high  enough  to  pro- 
duce toxicity  of  its  own  or  to  inten- 
sify the  calcium  deficiency  already 
present.  Excess  aluminum  has 
been  shown  to  reduce  the  uptake  of 
calcium  by  alfalfa  plants  (^7). 


Lakeland  soil  was  very  low  in  ex- 
changeable manganese,  but  plants 
on  the  unlimed  soil  accumulated  540 
p.p.m.,  which  is  near  the  level  ex- 
pected for  toxicity  to  start.  How- 
ever, the  characteristic  symptoms 
of  manganese  injury  were  not  pres- 
ent. As  on  Leon  soil,  alfalfa 
plants  on  unlimed  Lakeland  soil  ac- 
cumulated high  concentrations  of 
boron  (appendix  table  8),  but  the 
significance  of  this  was  not  deter- 
mined. Lime  response  of  alfalfa 
on  Lakeland  soil  was  accompanied 
by  increased  concentrations  of  cal- 
cium and  decreased  concentrations 
of  boron  and  manganese  in  plants. 
The  concentrations  of  phosphorus 
and  aluminum  in  plants  were  not 
appreciably  affected  by  liming. 

Plants  on  unlimed  Tifton  soil 
were  stunted  and  showed  an  over- 
all yellowing,  which  suggests  cal- 
cium deficiency  or  aluminum  toxic- 
ity, or  both;  however,  the  level  of 
exchangeable  alumnium  in  the  soil 
appeared  too  low  to  cause  toxicity 
(appendix  table  11).  These  plants 
contained  420  p.p.m.  manganese. 
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but  the  symptoms  of  manganese 
toxicity  (marginal  leaf  chlorosis) 
were  absent.  Alfalfa  yield  in- 
creases obtained  with  lime  on  this 
soil  Avere  associated  with  decreases 
in  extractable  aluminum  and  ex- 
changeable manganese  in  the  soil 
and  with  increases  in  the  calcium 
and  decreases  in  the  manganese  con- 
centrations of  plants.  Lime  re- 
sponse Avas  accompanied  by  slight 
increases  in  the  phosphorus  and  iron 
and  decreases  in  the  boron  and  mag- 
nesium concentrations  of  plants. 
Alumnium  concentrations  of  al- 
falfa plants  on  Tifton  soil  were 
slightly  increased  by  liming  (ap- 
pendix tables  11  and  12). 

Alfalfa  plants  on  unlimed  Rains 
soil  shoAved  some  leaf  marginal 
chlorosis  that  resembles  manganese 
toxicity  and  also  a stunting  of 
groAAdh,  AA^ich  is  characteristic  of 
aluminum  injury.  Although  the 
manganese  contents  of  plants  were 
decreased  with  increased  lime  rates, 
the  highest  manganese  content  Avas 
probably  too  low  to  cause  toxicity 
(appendix  table  12).  Results  of 
plant  analyses  suggest  that  calcium 
deficiency  limited  growth  on  the 
unlimed  soil.  Lime  response  was 
associated  with  a doubling  of  the 
calcium  concentrations  of  plants. 
Yield  increases  obtained  with  lime 
were  also  related  in  a general  way  to 
decreases  in  extractable  aluminum 
in  soils.  Mathers  and  Coleman 
{18)  have  concluded  that  low  cal- 
cium and  aluminum  toxicity  limit 
plant  growth  on  this  soil. 

SUMMARY  AND 

Greenhouse  experiments  were 
conducted  to  identify  toxic  factors 
in  17  acid  soils  of  the  Southeastern 
United  States,  and  to  relate  levels 
of  such  factors  to  lime  response  of 
alfalfa. 

Results  indicate  that  manganese 
toxicity  is  the  primary  limiting  fac- 
tor in  the  growth  of  alfalfa  on  acid 
Johnsburg  (pH  5.1),  Taloka  com- 


Growth-Limiting  Factors  in 
Limed  Soils 

Alfalfa  yields  were  decreased  by 
liming  above  pH  5.0  on  Johnsburg 
and  Bayboro,  pH  5.5  on  Waynes- 
boro, Bladen,  and  Rains,  pH  6.0  on 
Talok?  complex,  pH  6.3  on  Lake- 
land, pH  7.0  on  Vaiden,  and  pH  7.3 
on  Tifton.  Yield  decreases  associ- 
ated Avith  liming  were  more  severe 
on  Rains  and  Bladen  than  on  the 
other  soils  of  this  group  (figs.  1 
through  4).  The  sharp  yield  de- 
pression in  Rains  soil  does  not  ap- 
pear to  be  related  to  any  marked 
changes  in  plant  composition.  In 
general,  yield  reductions  on  these 
soils  were  accompanied  by  chlorosis 
of  older  leaves  of  plants;  however, 
on  the  Vaiden  soil  both  old  and 
young  leaves  AA^ere  affected.  Yield 
decreases  on  the  W aynesboro.  Lake- 
land, Johnsburg,  and  Taloka  com- 
plex soils  were  associated  with  de- 
creases in  the  manganese  contents 
of  plants  (appendix  tables  7 and 
8)  ; hoAvever,  it  is  not  known 
whether  or  not  manganese  defi- 
ciency actually  limited  yields.  The 
manganese  content  of  plants  on 
Lakeland  soil  was  very  low.  On 
Bladen  soil,  yield  increases  obtained 
by  liming  above  pH  5.5  were  associ- 
ated with  decreases  in  the  boron  and 
iron  concentrations  in  plants  (ap- 
pendix tables  9 and  10). 

Further  study  will  be  required  to 
identify  the  yield-limiting  factors 
on  these  limed  soils. 

CONCLUSIONS 

plex  (pH  5.2),  Zanesville  (pH  4.9), 
Loring  2 (pH  5.1),  Loring  1 (pH 
5.3),  Dundee  (pH  4.8),  Calloway 
(pH  5.4),  Cecil  (pH  5.2),  and 
Waynesboro  (pH  5.2)  soils.  Sig- 
nificant yield  responses  to  applica- 
tions of  lime  on  these  nine  soils  were 
closely  associated  with  decreases  in 
exchangeable  manganese  in  the  soils 
and  with  decreases  in  toxic  symp- 
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toms  and  manganese  contents  of 
plants.  Liming  these  soils  reduced 
levels  of  extractable  aluminum,  but 
the  evidence  for  aluminum  toxicity 
is  weak  in  comparison  with  that  for 
manganese  toxicity. 

Two  other  high-manganese  soils, 
Decatur  (pH  5.5)  and  Vaiden  (pH 
5.8),  did  not  give  significant  yield 
responses  with  lime,  and  plants  did 
not  accumulate  high  concentrations 
of  manganese  or  show  symptoms  of 
manganese  toxicity.  The  reason 
for  this  was  not  determined,  but  it 
may  be  due  to  higher  levels  of  ex- 
changeable calcium  in  these  soils 
which  could  prevent  excessive  up- 
take of  manganese  by  plants 
through  ion  competition. 

Aluminum  toxicity  appears  to  be 
the  primary  growth-limiting  factor 
in  acid  Bladen  soil  (pH  4.8).  Al- 
falfa yield  responses  to  appli- 
cations of  lime  on  this  soil  were 
closely  related  to  decreases  in  ex- 
tractable aluminum  in  the  soil. 
Plant  symptoms  on  the  acid  soil  re- 
sembled those  of  extreme  phos- 
phorus deficiency  and  were  identi- 
cal to  those  produced  by  excess 
aluminum  in  sand  culture. 

Bayboro  soil  (pH  4.3)  contained 
as  much  extractable  aluminum  as 
Bladen,  but  the  Bayboro  soil  was 
much  less  toxic  to  alfalfa  and  did 
not  give  a significant  response  to 
lime.  The  reason  for  this  was  not 
determined ; however,  it  may  be  due 
to  the  fact  that  Bayboro  had  a 
higher  organic  matter  content  and, 
as  a result,  a lower  percentage  of 
aluminum  saturation.  The  toxic- 
ity of  aluminum  may  also  have 
been  reduced  through  chelation  in 
the  Bayboro  soil. 

Calcium  deficiency  appears  to  be 
the  first  limiting  factor  in  acid  Leon 
soil  ( pH  4.2 ) . Linear  alfalfa  yield 
increases  obtained  by  liming  Leon 
soil  to  pH  7.0  were  accompanied  by 
linear  increases  in  the  percentage 
of  calcium  in  plants. 

Yield-limiting  factors  in  acid 
Lakeland,  Tifton,  and  Eains  soils 


were  not  conclusively  identified. 
Results  of  soil  and  plant  analyses 
and  observations  of  plant  sjrmp- 
toms  suggest  that  calcium  deficiency 
limited  alfalfa  yields  to  some  extent 
on  all  three  unlimed  soils.  On 
Lakeland  and  Rains  soils  aluminum 
toxicity  also  apears  to  be  involved. 
There  was  weak  evidence  for  man- 
ganese toxicity  on  Lakeland  and 
Tifton  soils. 

Results  of  these  studies  have  em- 
phasized that  acid  Southeastern 
soils  having  equal  pH  values  vary 
widely  in  their  toxicities  to  alfalfa. 
In  some  soils,  poor  growth  can  be 
closely  related  to  one  factor,  such 
as  calcium  deficiency  in  Leon  and 
aluminum  toxicity  in  Bladen.  In 
other  soils,  more  than  one  factor  is 
involved  but  one  factor  appears  to 
be  dominant.  In  still  others,  toxic- 
ity may  be  associated  with  a com- 
plex of  interacting  factors  that  is 
difficult  to  define. 

It  should  be  emphasized  that 
these  studies  were  conducted  with 
surface  soils  under  greenhouse  con- 
ditions. The  results  obtained  are, 
therefore,  more  nearly  representa- 
tive of  the  seedling  establishment 
stage  than  of  subsequent  periods  of 
alfalfa  growth.  Under  field  condi- 
tions subsoil  characteristics  would 
also  be  important  in  determining 
the  long-term  growth  of  plants,  and 
lime  response  might  become  consid- 
erably more  complicated.  For  ex- 
ample, liming  an  acid  surface  soil 
that  is  high  in  aluminum  would  re- 
duce the  solubility  of  aluminum 
sufficiently  to  permit  alfalfa  seed- 
ling establishment,  but  a high  alu- 
minum subsoil  could  prevent  root 
penetration  below  the  limed  layer 
and  thus  cause  plants  to  suffer  from 
drought.  Development  of  the  most 
effective  liming  practices  will, 
therefore,  also  require  studies  on  the 
growth-limiting  factors  in  acid  sub- 
soils. 

Alfalfa  yields  tended  to  decrease 
with  liming  above  pH  5.0  on  Johns- 
burg  and  Bayboro,  pH  5.5  on 
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'Waynesboro,  Bladen,  and  Kains, 
pH  6.0  on  Taloka  complex,  pH  6.3 
on  Lakeland,  pH  7.0  on  Vaiden,  and 
pH  7.6  on  Tifton.  Yield  decreases 
associated  with  liming  were  more 
severe  on  Rains  and  Bladen  than  on 


the  other  soils  of  this  group. 
Chlorotic  symptoms  were  observed, 
but  the  causes  of  yield  depression 
were  not  determined.  Overliming 
effects  on  these  soils  should  receive 
further  study. 
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APPENDIX 


Table  5. — Effects  of  lime  a'pplication  rate  on  alfalfa  yield  and  soil 
characteristics  5 months  after  liming^  experiment  la^  Fayetteville^  Arh. 


Soil 

CaCOs 

pH 

value 

Alfalfa 
yield  i 

Extractable  alummum 
by  NH4OAC  method  2 

Exchange- 
able Mn  3 

Tons!  acre 

0 

5.  3 

G.lpot 

7.  61 

Meq.jlOO  g. 

0.  93 

Pet.  of 
CECi 

12.  3 

P.p.m. 

39 

0.  5 

5.  8 

7.  68 

. 73 

9.  6 

21 

1.  0 

6.  3 

9.  54 

. 62 

8.  2 

21 

1.  5 

6.  8 

9.  28 

. 51 

6.  7 

Calloway  

2.  0 

7.  1 

10.  30 

. 51 

6.  7 

2.  5 

7.  4 

10.  23 

. 47 

6.  2 

3.  0 

7.  6 

9.  93 

. 47 

6.  2 

8 

4.  0 

7.  8 

9.  57 

. 49 

6.  5 

1 6.  0 

7.  8 

9.  51 

. 54 

7.  1 

0 

4.  7 

5.  91 

2.  02 

10.  3 

49 

. 5 

4.  8 

7.  17 

1.  60 

8.  1 

37 

1.  0 

5.  1 

7.  26 

1.  57 

8.  0 

18 

1.  5 

5.  4 

10.  31 

1.  64 

8.  4 

Dundee  _ 

2.  0 

5.  8 

9.  91 

1.  37 

7.  0 

2.  5 

6.  1 

10.  70 

1.  16 

6.  0 

3.  0 

6.  6 

13.  08 

1.  11 

5.  7 

13 

4.  0 

7.  0 

12.  94 

1.  04 

5.  3 

6.  0 

7.  5 

13.  91 

. 96 

4.  9 

0 

4.  9 

3.  38 

1.  74 

13.  5 

59 

. 5 

5.  3 

5.  26 

1.  53 

11.  9 

18 

1.  0 

5.  8 

8.  41 

1.  44 

11.  2 

15 

Loring  1 

1.  5 

6.  5 

9.-  88 

1.  57 

12.  2 

2.  0 

7.  0 

9.  34 

1.  42 

11.  0 

2.  5 

7.  4 

9.  96 

1.  43 

11.  1 

3.  0 

7.  5 

10.  45 

1.  26 

9.  8 

5 

4.  0 

7.  9 

9.  99 

1.  30 

10.  1 

6.  0 

7.  9 

10.  56 

1.  42 

11.  0 

0 

4.  5 

2.  88 

1.  09 

21.  9 

67 

. 5 

5.  8 

7.  81 

. 79 

15.  9 

20 

1.  0 

5.  9 

8.  86 

. 70 

14.  1 

14 

1.  5 

6.  3 

9.  51 

. 65 

13.  1 

Loring  2__  , 

2.  0 

6.  8 

8.  01 

. 53 

10.  6 

2.  5 

7.  2 

9.  76 

. 59 

11.  9 

3.  0 

7.  3 

9.  35 

. 65 

13.  1 

8 

4.  0 

7.  6 

9.  71 

. 60 

12.  1 

1 6.  0 

7.  7 

10.  55 

. 68 

13.  7 

0 

4.  6 

8.  04 

1.  29 

23.  4 

48 

. 5 

5.  2 

9.  73 

. 87 

15.  8 

26 

1.  0 

5.  7 

9.  36 

. 76 

13.  8 

12 

1.  5 

6.  3 

10.  21 

. 72 

13.  0 

Zanesville  _ __  _ ^ 

2.  0 

6.  7 

9.  93 

. 69 

12.  5 

2.  5 

7.  1 

9.  30 

65 

11.  8 

3.  0 

7.  3 

9.  91 

. 61 

11.  1 

4.  0 

7.  6 

10.  70 

. 63 

11.  4 

8 

6.  0 

7.  7 

9.  97 

. 57 

10.  3 

1 Total  of  three  cuttings — average  of  three  replications.  For  comparing  yields  at  any 
lime  level  with  those  of  the  check  within  a soil,  the  difference  required  for  significance 
at  the  5-percent  level  by  ^-test  (L.s.d.)  is  1.45  g./pot. 

2 NH4OAC  at  pH  4.8. 

* Extracted  with  \N  NH4OAC  at  pH  7.0.  Values  are  averages  of  duplicate  deter- 
minations on  composite  samples  from  three  pots. 

^ Cation-exchange-capacity  by  NH4OAC  method. 
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Table  7. — Effects  of  lime  application  rate  on  alfalfa  yields  and  soil 
properties^  experiment  F ayetteville^  Ark. 


Soil 


Cecil 


Johnsburg. 


Lakeland 


Taloka-Parsons- 
Johnsburg 


Waynesboro. 


CaCOs 

pH 

value 

Alfalfa 
yield  1 

Extractable  aluminum  2 by— 

Exchange- 
able Mn  3 

NH4OAC  method 

KCl  method 

Tons! 

GJpot 

Meq.l 

Pet.  of 

Meq.l 

Pet.  of 

P.p.m. 

acre 

100  g. 

CECi 

100  g. 

CEC  1 

r 0 

4. 

6 

0.  74 

1.  37 

25.  8 

0.  13 

2.  49 

99 

I 1 

6. 

0 

8.  04 

. 89 

16.  8 

. 01 

. 21 

50 

2 

6. 

7 

7.  96 

. 90 

17.  0 

. 02 

. 36 

32 

1 3 

7. 

0 

9.  58 

1.  03 

19.  4 

. 00 

. 00 

28 

f 0 

4. 

4 

5.  28 

1.  75 

23.  0 

. 55 

7.  20 

80 

I 1 

5. 

0 

8.  56 

1.  11 

14.  6 

. 05 

. 64 

38 

2 

5. 

8 

7.  59 

. 90 

11.  8 

. 01 

. 16 

31 

1 3 

6. 

6 

7.  44 

. 73 

9.  6 

. 01 

. 12 

24 

r 0 

4. 

5 

3.  14 

1.  86 

48.  9 

. 56 

14.  84 

5 

I 1 

5. 

5 

6.  08 

1.  72 

45.  3 

. 05 

1.  29 

2 

2 

6. 

3 

8.  15 

2.  03 

53.  4 

. 03 

. 79 

2 

[ 3 

6. 

7 

6.  95 

1.  97 

51.  8 

. 02 

. 47 

2 

r 0 

4. 

5 

6.  72 

1.  46 

20.  0 

. 35 

4.  79 

66 

1 

5. 

2 

8.  46 

1.  09 

14.  9 

. 02 

. 32 

30 

2 

6. 

0 

8.  37 

. 75 

10.  3 

. 02 

. 23 

23 

1 3 

6. 

5 

7.  74 

. 68 

9.  3 

. 02 

. 29 

17 

r 0 

4. 

5 

1.  40 

2.  11 

33.  5 

. 40 

6.  41 

138 

1 1 

5. 

4 

9.  23 

. 97 

15.  4 

. 01 

. 13 

49 

1 2 

6. 

3 

8.  62 

. 85 

13.  5 

. 01 

. 17 

37 

[ 3 

7. 

1 

7.  80 

. 74 

11.  7 

. 02 

. 32 

24 

^ Total  of  two  cuttings: — Average  of  two  replications.  For  comparing  yield  at  any 
lime  level  with  that  of  the  check  within  a soil,  the  difference  required  for  significance  at 
the  5-percent  level  by  ^-test  (L.s.d.)  is  0.73  g./pot. 

2 NH4OAC  at  pH  4.8  and  1 N KCl  at  pH  7.0. 

3 Extracted  with  1 N NH4OAC  at  pH  7.0. 

^ Cation-exchange-capacity  by  NH4OAC  method. 
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Table  8. — Effects  of  different  lime  levels  on  the  composition  of  alfalfa 
tops^  experiment  2,  Fayetteville^  Arh. 


Soil 

CaCOs 

Plant  composition  i 

K 

Ca 

P 

Mg 

B 

Mn 

A1 

Na 

Fe 

Cu 

T.lacre 

Pc 

Pet. 

Pet. 

Pet. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

( 0 

4. 

6 

2. 

6 

0.  30 

0.  74 

65 

1,  430 

240 

300 

170 

4.  6 

Cecil - 

1 1 

4. 

0 

1. 

8 

. 26 

. 19 

89 

320 

190 

66 

250 

8.  0 

3. 

6 

1. 

8 

. 24 

. 16 

76 

190 

160 

58 

200 

9.  2 

[ 3 

3. 

2 

1. 

9 

. 24 

. 18 

72 

220 

240 

72 

300 

7.  2 

f 0 

4. 

2 

1. 

30 

. 22 

. 30 

100 

1,  660 

230 

190 

320 

15.  0 

Johnsburg 

1 

3. 

3 

1. 

60 

. 22 

. 18 

89 

460 

180 

98 

260 

12.  0 

2 

3. 

3 

1. 

90 

. 22 

. 16 

80 

240 

190 

90 

250 

10.  0 

1 3 

3. 

5 

2. 

30 

. 28 

. 16 

no 

160 

200 

no 

250 

8.  6 

f 0 

4. 

3 

61 

. 20 

. 37 

340 

540 

170 

200 

290 

9.  2 

Lakeland 

1 

3. 

5 

l! 

50 

. 22 

. 20 

160 

no 

180 

80 

280 

7.  2 

2 

3. 

1 

1. 

60 

. 18 

. 16 

no 

86 

200 

80 

290 

6.  8 

[ 3 

3. 

2 

1. 

60 

. 18 

. 13 

100 

54 

150 

72 

200 

9.  8 

Taloka-Parsons- 

Johnsburg 

f 0 

3. 

0 

1. 

90 

. 24 

. 24 

94 

1,  100 

200 

560 

240 

9.  2 

1 

2. 

9 

2. 

00 

. 22 

. 17 

94 

250 

230 

120 

250 

6.  4 

2 

3. 

1 

2. 

40 

. 22 

. 17 

86 

190 

200 

130 

250 

7.  6 

i 3 

3. 

3 

2. 

50 

. 20 

. 14 

69 

120 

180 

no 

230 

5.  6 

4. 

6 

1. 

2 

. 20 

. 35 

89 

1,970 

150 

160 

230 

5.  3 

Waynesboro 

1 

3. 

5 

1. 

7 

.24 

. 19 

94 

240 

190 

98 

260 

8.  0 

2 

3. 

6 

2. 

0 

. 24 

. 17 

86 

170 

200 

72 

240 

5.  9 

1 3 

3. 

4 

2. 

0 

. 22 

. 14 

65 

150 

190 

37 

220 

6.  8 

1 Values  are  averages  of  two  replications. 


24  PROD.  RES.  RPT.  8 0,  U.S.  DEPARTMENT  OF  AGRICULTURE 

Table  9. — Effects  of  lime  rate  on  alfalfa  yields  and  soil  properties^ 
experiment  3^  Fayetteville^  Ark. 


Soil 

CaCOa 

pH 

Alfalfa 

Extractable  aluminum  2 by 

Exchange- 

value 

yield  > 

NH4OAC  method 

KCl  method 

able  Mn  3 

T.jacre 

0 

4.  3 

G.lpot 
2.  45 

Meg.l 
100  g. 

5.  29 

Pet.  of 
CEC^ 

17.  6 

Meq.l 
100  g. 

2.  51 

Pet.  of 
CECi 

8.  33 

P.p.m. 

3.  70 

1 

4.  6 

2.  81 

4.  93 

16.  4 

1.  80 

6.  00 

2.  27 

2 

4.  7 

2.  79 

5.  05 

16.  8 

1.  07 

3.  55 

2.  02 

Bayboro 

3 

4.  9 

2.  80 

3.  95 

13.  1 

. 51 

1.  69 

1.  96 

4 

5.  2 

1.  98 

4.  47 

14.  9 

. 05 

. 16 

1.  44 

6 

5.  5 

1.  98 

3.  46 

11.  5 

. 04 

. 13 

1.  25 

8 

5.  9 

2.  52 

3.  09 

10.  3 

. 02 

. 06 

. 46 

( 9 

4.  2 

. 01 

4.  22 

36.  4 

2.  32 

20.  00 

1.  81 

1 

4.  4 

1.  50 

4.  00 

34.  5 

1.  87 

16.  10 

1.  30 

2 

4.  9 

3.  44 

2.  79 

24.  1 

. 58 

5.  00 

1.  17 

Bladen 

3 

5.  4 

3.  59 

2.  01 

22.  5 

. 04 

. 30 

. 58 

4 

5.  8 

2.  66 

2.  26 

19.  5 

. 03 

. 26 

. 46 

6 

6.  9 

2.  94 

1.  79 

15.  4 

. 04 

. 30 

. 19 

8 

7.  1 

2.  44 

1.  55 

13.  4 

. 05 

. 43 

. 23 

9 

4.  0 

. 62 

. 20 

4.  1 

. 27 

5.  51 

. 40 

1 

4.  6 

•1.  65 

. 29 

5.  9 

. 05 

1.  02 

. 31 

2 

5.  1 

2.  69 

. 09 

1.  8 

. 02 

. 41 

. 23 

Leon 

3 

5.  9 

3.  51 

. 13 

2.  7 

. 01 

. 20 

. 29 

4 

6.  6 

3.  93 

. 11 

2.  2 

. 03 

. 50 

. 25 

6 

7.  2 

5.  78 

. 09 

1.  8 

. 03 

. 50 

. 02 

8 

7.  4 

4.  96 

. 05 

1.  0 

. 02 

. 45 

. 29 

9 

5.  7 

6.  55 

. 62 

1.  9 

. 03 

. 80 

128.  80 

1 

6.  1 

6.  23 

. 48 

1.  5 

. 01 

. 40 

101.  70 

2 

6.  6 

7.  11 

. 44 

1.  3 

. 04 

1.  07 

66.  00 

Vaiden  < 

3 

6.  9 

6.  95 

. 56 

1.  7 

. 04 

1.  23 

49.  20 

4 

7.  0 

6.  64 

. 37 

1.  1 

. 03 

. 98 

39.  90 

6 

7.  2 

5.  42 

. 43 

1.  3 

. 04 

1.  26 

32.  40 

8 

7.  2 

5.  81 

. 47 

1.  4 

. 03 

. 86 

37.  80 

^ Total  of  three  cuttings — average  of  three  replications.  For  comparing  yield  at  any 
lime  level  with  that  of  the  check  within  a soil,  the  difference  required  for  significance 
at  the  5 percent  level  by  t-test  (L.S.D.)  is  0.83  g./pot. 

^ NH4OAC  at  pH  4.8  and  1 N KCl  at  pH  7.0. 

Extracted  with  1 N NHiOAc  at  pH  7.0. 

^ Cation-exchange-capacity  by  NH4OAC  method. 
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Table  10. — Effects  of  different  lime  levels  on  the  composition  of  alfalfa 
tops^  experiment  Fayetteville^  Ark. 


Soil 


C&C  O3 


Plant  composition 


K 

Ca 

P 

Mg 

B 

Mn 

A1 

Na 

Fe 

Cu 

T.lacre 

Pet. 

Pet. 

Pet. 

Pet. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m 

0 

3. 

3 

1.  6 

0.  20 

0.  88 

100 

220 

230 

160 

190 

3.  2 

1 

2. 

8 

2.  5 

. 20 

. 71 

no 

210 

380 

290 

300 

5.  9 

2 

3. 

4 

3.  0 

. 26 

. 61 

120 

160 

310 

300 

250 

3.  0 

Bayboro 

3 

3. 

0 

3.  4 

. 26 

. 54 

98 

170 

320 

320 

210 

4.  0 

4 

3. 

5 

3.  2 

. 24 

. 49 

120 

140 

350 

230 

260 

2.  4 

6 

3. 

1 

3.  6 

. 28 

. 37 

65 

140 

330 

270 

185 

3.  7 

8 
2 0 

3. 

2 

3.  9 

. 26 

. 32 

54 

120 

290 

120 

160 

2.  6 

1 

4. 

0 

1.  8 

. 22 

. 39 

100 

iio 

200 

130 

440 

4.  3 

2 

3. 

8 

2.  6 

. 20 

. 30 

100 

no 

250 

270 

180 

3.  7 

Bladen 

3 

3. 

8 

3.  2 

. 24 

. 27 

120 

no 

310 

200 

260 

2.  6 

4 

3. 

1 

3.  6 

. 26 

. 24 

94 

100 

300 

180 

220 

2.  6 

6 

3. 

4 

6.  6 

. 33 

. 26 

61 

120 

270 

150 

180 

3.  7 

8 
2 0 

2. 

8 

7.  3 

. 28 

. 18 

45 

220 

180 

120 

130 

2.  4 

1 

5. 

1 

1.  1 

. 94 

. 49 

>340 

210 

360 

160 

310 

2.  4 

2 

3. 

6 

2.  4 

. 56 

. 24 

>340 

no 

190 

160 

170 

3.  0 

Leon  ^ 

3 

3. 

2 

2.  8 

. 36 

. 20 

270 

no 

190 

66 

150 

9.  0 

4 

3. 

2 

3.  4 

. 33 

. 17 

200 

92 

180 

120 

140 

2.  4 

6 

3. 

4 

6.  6 

. 33 

. 23 

>340 

no 

200 

58 

120 

2.  8 

1 8 

3. 

2 

4.  6 

. 33 

. 18 

200 

80 

140 

41 

100 

2.  8 

0 

3. 

5 

3.  4 

. 22 

. 14 

80 

150 

200 

50 

160 

7.  6 

I 

3. 

3 

2.  8 

. 26 

. 14 

45 

140 

310 

80 

290 

12.  0 

2 

3. 

3 

3.  9 

. 26 

. 15 

40 

140 

270 

90 

240 

7.  6 

Vaiden  < 

3 

3. 

8 

3.  4 

. 22 

. 13 

29 

no 

240 

90 

150 

6.  4 

4 

3. 

9 

4.  6 

. 26 

. 14 

23 

130 

350 

80 

240 

5.  6 

6 

3. 

6 

4.  6 

. 26 

. 17 

26 

130 

210 

66 

170 

5.  9 

1 8 

3. 

0 

5.  9 

. 28 

. 14 

26 

150 

320 

130 

260 

5.  3 

1 Values  are  averages  of  three  replications. 

2 Plants  died. 
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Table  11. — Effects  of  lime  rate ' on  alfalfa  yields  and  soil  'properties^ 
experiment  F ayetteville^  Arh. 


Soil 

CaCOs 

pH  3 

Alfalfa 
value 
yield  i 

Extractable 

NH4OAC  method 

aluminum  * by 

KCl  method 

Exchange' 
able  Mn  3 

T.jacre 

O.lpot 

Meq.j 

Pet  of 

Meq.l 

Pet.  of 

P.p.m. 

100  g. 

CECi 

100  g. 

CEC^ 

f 0 

5.  5 

5.  49 

1.  36 

11.  6 

0.  05 

0.  4 

136.  0 

1 

6.  2 

5.  61 

1.  21 

10.  3 

. 03 

. 3 

98.  0 

Decatur  

2 

6.  7 

6.  22 

1.  07 

9.  1 

. 03 

. 3 

71.  0 

3 

7.  1 

5.  92 

.'89 

7.  6 

. 03 

. 3 

30.  0 

4 

7.  2 

6.  69 

1.  20 

10.  2 

. 03 

. 3 

24.  0 

6 

7.  4 

6.  97 

. 97 

8.  3 

. 03 

. 3 

18.  0 

f 0 

4.  6 

2.  77 

1.  02 

30.  0 

. 41 

12.  0 

’4.  9 

1 

5.  5 

7.  62 

. 72 

21.  2 

. 04 

1.  1 

1.  7 

Rains  . _ 

2 

6.  4 

4.  65 

. 49 

14.  4 

. 05 

1.  4 

2.  5 

3 

7.  2 

2.  60 

. 81 

23.  8 

. 04 

VI 

2.  7 

4 

7.  4 

3.  64 

. 81 

23.  8 

. 05 

f.  5 

3.  9 

1 6 

7.  5 

3.  57 

. 52 

15.  3 

. 06 

1.  5 

2.  0 

f 0 

5.  5 

3.  08 

1.  08 

27.  0 

. 06 

1.  4 

23.  0 

1 

6.  0 

6.  82 

. 69 

17.  2 

. 05 

L 3 

13.  6 

Tifton  _ _ _ 

2 

6.  7 

7.  02 

. 85 

21.  2 

. 02 

. 6 

14.  0 

3 

7.  3 

8.  11 

. 57 

14.  2 

. 03 

. 8 

9.  5 

4 

7.  6 

7.  32 

. 60 

15.  0 

. 02 

. 4 

7.  0 

1 6 

7.  6 

6.  51 

. 65 

16.  2 

. 02 

. 5 

5.  0 

^ Total  of  three  cuttings — average  of  three  replications.  On  Decatur  soil  the  F 
value  for  lime  treatments  was  not  statistically  significant.  On  Rains  and  Tifton 
soils,  for  comparing  yield  at  any  lime  level  within  a soil,  the  difference  required  for 
significance  at  the  5-percent  level  by  ^-test  (L.s.d.)  is  1.81  g./pot. 

2 NH4OAC  at  pH  4.8  and  1 A KCl  at  pH  7.0. 

2 Extracted  with  1 N NH4OAC  at  pH  7.0. 

4 Cation-exchange-capacity  by  NH4OAC  method. 


Table  12. — Effects  of  different  lime  levels  on  the  composition  of  alfalfa 
tops^  experiment  Fayetteville^  Ark. 


Soil 

CaCOs 

Plant  composition  i 

K 

Ca 

p 

Mg 

B 

Mn 

A1 

Na 

Fe 

Cu 

T.lacre 

Pet. 

Pet. 

Pet. 

Pet. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

p.p.m. 

0 

4.  1 

1.  80 

0.  26 

0.  20 

50 

190 

98 

90 

80 

8.  6 

1 

3.  5 

1.  60 

. 22 

. 17 

54 

130 

88 

90 

90 

8.  0 

Decatur 

2 

3.  7 

1.  90 

. 26 

. 17 

54 

130 

92 

58 

86 

7.  2 

3 

3.  1 

1.  90 

. 28 

. 16 

47 

no 

82 

90 

76 

6.  4 

4 

2.  8 

2.  00 

. 24 

. 16 

28 

92 

76 

80 

64 

7.  2 

6 

3.  1 

2.  30 

. 30 

. 17 

37 

120 

84 

50 

72 

6.  8 

0 

4.  4 

. 77 

. 26 

. 44 

130 

280 

78 

90 

90 

12.  0 

1 

4.  3 

1.  40 

. 28 

. 19 

69 

68 

76 

66 

96 

11.  0 

Rains 

2 

4.  2 

2.  00 

. 33 

. 19 

110 

58 

82 

45 

100 

13.  0 

3 

4.  8 

1.  70 

. 30 

. 16 

69 

58 

78 

no 

86 

8.  6 

4 

5.  0 

1.  90 

. 30 

. 17 

80 

68 

92 

72 

100 

7.  6 

6 

5.  0 

2.  00 

. 36 

. 17 

no 

54 

78 

58 

86 

11.  0 

0 

4.  8 

. 90 

. 22 

. 37 

130 

420 

68 

37 

54 

13.  0 

1 

4.  3 

1.  30 

. 26 

. 20 

58 

86 

78 

37 

80 

12.  0 

Tifton 

2 

3.  5 

1.  40 

. 24 

. 14 

45 

62 

70 

24 

86 

10.  0 

3 

4.  0 

2.  00 

. 30 

. 17 

37 

74 

84 

41 

76 

11.  0 

4 

4.  3 

1.  80 

. 30 

. 16 

37 

74 

76 

27 

64 

9.  2 

1 6 

3.  9 

1.  70 

. 28 

. 16 

47 

62 

70 

30 

61 

8.0 

^ Values  are  averages  of  three  replications. 
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